Gas compressibility factor is the most important gas property. Its value is required in many petroleum engineering calculations. There are many different sources of gas compressibility factor value such as experimental measurements, equations of state, charts, tables, intelligent approaches and empirical correlations methods. In absence of experimental measurements of gas compressibility factor values, it is necessary for the petroleum engineer to find an accurate, quick and reliable method for predicting these values. This study presents a new gas compressibility factor explicit empirical correlation for gas-condensate reservoir systems above dew point pressure. This new correlation is more robust, reliable and efficient than the previously published explicit empirical correlations. It is also in a simple mathematical form. The predicted value using this new correlation can be used as an initial value of implicit correlations to avoid huge number of iterations. This study also presents evaluation of the new and previously published explicit correlations.
Introduction
Naturally occurring gas has many properties such as compressibility factor, density, specific volume, specific gravity, isothermal compressibility coefficient, formation volume factor, expansion factor, and viscosity. They are required in petroleum engineering calculations such as calculations of gas reserves, gas flow through porous medium, gas pressure gradient in production system, gas metering and gas compression. Gas compressibility factor is the most important gas property as all other gas properties depend directly or indirectly on it. Accurate values of gas compressibility factor are obtained from experimental measurements. These experimental measurements are expensive, time consuming and may be unavailable. They are also not available for all reservoir conditions. It is necessary to find an accurate, quick and reliable method for predicting these values. So, numerical correlation concept is introduced in petroleum industry. Several empirical correlations have been developed to approximately predict accurate values of gas compressibility factor at any pressure and temperature conditions. The main objectives of this study are to summarize all available previously published gas compressibility factor empirical correlations, develop a new, simple and accurate gas compressibility factor explicit empirical correlation for any reservoir conditions and evaluate the new and other explicit correlations.
Gas compressibility factor which is also called gas deviation factor or simply gas Z-factor is the most important property of natural gas. It accounts for how much the real gas behavior deviates from the ideal gas behavior at given condition. According to real gas law, it is expressed as a function of pressure, volume, and temperature as follows: =
Since 1942, Standing and Katz [1] gas Z-factor chart has become a standard in petroleum industry which is used to estimate gas compressibility factor. It is based on the principle of corresponding states. This principle states that two substances at the same conditions referenced to critical pressure and critical temperature will have similar properties. According to the principle of corresponding states, gas compressibility factor is expressed as a function of reduced pressure and reduced temperature as follows:
Where:
For gas mixture, critical and reduced properties are replaced with pseudo-critical and pseudo-reduced properties. The accuracy of pseudo-critical properties calculation will affect the accuracy of gas Z-factor estimation.
Several methods for calculation of natural gas pseudo-critical pressure and temperature for gascondensate reservoir systems have been developed.
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These methods are divided into two categories. In this study, Sutton (1985) (2005) [9] empirical correlations used when natural gas composition is unknown. For some of these methods, the critical properties of all components of the gas are required. The critical properties of pure components are well known as given in Table 1 . Gascondensate gases contain hydrocarbon-plus fractions such as heptanes-plus ( 7 + ) fraction. So, the critical properties of the hydrocarbon-plus fractions must be estimated. Several correlations have been developed to estimate the critical properties of the hydrocarbonplus fractions. Kesler and Lee (1976) [10] correlations, Whitson (1987) [11] correlation and Riazi and Daubert (1987) [12] correlations are used in this study. Gascondensate gases also contain impurities such as hydrogen sulfide ( 2 ), carbon dioxide ( 2 ), nitrogen ( 2 ) and water vapor ( 2 ) which affect the pseudo-critical pressure and temperature values. Several correlations have been developed to account for the presence of these impurities. Wichert and Aziz (1972) [13] correction method, Modified Wichert and Aziz [9] correction method, Standing (1981) [14] correction method and Casey [15] correction method are used in this study. The corrected pseudo-critical pressure and temperature are used to calculate the pseudo-reduced pressure and temperature which are the parameters of gas compressibility factor empirical correlations. All of the above mentioned methods are summarized in Appendix A. [20] correlations. But, explicit empirical correlations do not require iterative solution methods. They are used directly to calculate gas compressibility factor. The most used previously published explicit empirical correlations are Papay (1968) [21] , Beggs and Brill (1973) [22] , Gopal (1977) [23] , Burnett (1979) [24] , Kumar (2004) [25] , Bahadori et al. (2007) [26] , Al-Anazi and Al-Quraishi (2010) [27] , Azizi et al. (2010) [28] , Heidaryan-SalarabadiMoghadasi (2010) [29] , Heidaryan-Moghadasi-Rahimi (2010) [30] , Shokir et al. (2012) [31] , Sanjari and Nemati Lay (2012) [32] , M.A. Mahmoud (2013) [33] and Niger Delta (2013) [34] correlations. These explicit empirical correlations are summarized in Appendix B.
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Data Acquisition
Huge data points were collected to achieve the main objectives of this study. They were divided into two sets according to the source of data points: general data set and specific data set. General data set consists of five thousand, nine hundred and forty data points of gas Z-factor values as a function of pseudoreduced pressure and temperature. They were the result of Standing and Katz chart digitization done by Poettmann and Carpenter. Statistical distributions such as maximum, minimum, mean, median and range of this data set are shown in Table 2 . Specific data set consists of seven hundred and twenty one data points of gas Z-factor values as a function of pseudo-reduced pressure and temperature. These data points are measured at pressures above the dew point pressures of the gas-condensate reservoir systems. They were prepared from data collected from unpublished gas-condensate gas PVT reports. This collected data was reservoir pressure and temperature, mole fraction of gas chemical composition and gas specific gravity. The statistical distributions such as maximum, minimum, mean, median and range of this collected data are shown in Table 3 .
Research Methodology
To achieve the objectives of this study, MATLAB Surface Fitting Tool (sftool) was used to develop a new explicit empirical correlation of gas compressibility factor. EXCEL sheets were used to validate the performance of this new correlation. EXCEL sheets were also used to evaluate and grade the performance of this new and other explicit correlations. These validation and evaluation were performed using statistical error analysis such as average absolute percent relative error (AARE%), residual sum of squares (RSS), root mean square error (RMSE), standard deviation (SD) and coefficient of determination (R2) and also with using graphical analysis such as cross plot parity line.
Results and Discussion
To develop the new explicit empirical correlation, 4000 data points from general data set are entered in MATLAB Surface Fitting Tool (sftool). This new empirical correlation is in a simple mathematical form. In which, the gas compressibility factor is a function of pseudo-reduced pressure and temperature. 
Evaluation and Validation
The new and other explicit empirical correlations can be used to predict the Z-factor of gas-condensate gases depending on the choice of the correct gas pseudo-critical pressure and temperature calculation method. There are several methods to calculate gas pseudo-critical pressure and temperature and accessories methods to account for the presence of heptanes-plus fraction and impurities in gascondensate gases as mentioned above in literature review section. From these methods, twelve methods are formed when gas composition is known and six methods are formed when gas composition is unknown. These methods are evaluated using 721 data points of specific data set. The statistical parameters values of this evaluation are shown in Appendix C from Table C-1 to Table C- 
Conclusions
The conclusions emanating from this study are as follows:
 A new explicit empirical correlation for Z-factor is obtained in simple mathematical form.
 The obtained correlation provides better predictions of gas Z-factor values than other explicit empirical correlations. As it gives the highest accuracy when using any method for calculating gas pseudo-critical pressure and temperature either when gas composition is known or unknown except for using El-Sharkawy empirical correlations for calculating gas pseudo-critical pressure and temperature when gas composition is unknown because of the accuracy of these correlations.
 The proposed correlation is recommended for the following pseudo-reduced pressure and temperature ranges for gas-condensate reservoir systems above dew point pressure:
 The predicted gas Z-factor value using the new correlation can be used, out of this new correlation recommended ranges, as an initial value of implicit correlations to avoid huge number of iterations. Table A-1 through Table A 
